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Abstract: In some Chinese cities air pollution is serious, and the major pollutant is still PM ;. The source apportionment results show:
wind erosion dust is an important source of particulate matter. So the contribution of this source should be calculated. The suburban
land of Tianjin was classified based on Landsat TM satellite image, and samples of different land use types were taken. The soil
textures were determined with the analysis of soil samples by the laser particle analyzer and GIS-based interpolation computation. The
wind erosion modulus, wind erosion fluxes, dust release modulus and dust release fluxes were calculated in four seasons in suburban of
Tianjin ( Beichen, Xiqing, Jinnan and Dongli). The wind erosion fluxes in spring, summer, autumn and winter were 21 236. 31,
4435.21, 7272.13 and 17204.4 t in 2009; the wind erosion fluxes in Beichen, Xiqing, Jinnan and Dongli were 6 380.23,
32 881. 13, 8340. 67 and 2 546.02 t in 2009 ; the wind erosion fluxes from cultivated land and forest grassland were 49 599.2 and
548. 85 t, respectively. The soil dust release fluxes in Tianjin suburban were 9 352. 92 t( particle size <10 pm) , 20 587. 99 t( particle
size 10- 15 pm)and 13 873. 74 t( particle size 15-20 pm). In 2009, there were 20 592. 91 t soil dusts with particulate diameter of 20
pm or less that were transmitted from suburban to central district, and 4 395. 89 t with particulate diameter of 10 pwm or less, about
21.35% .
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Table 1  Accumulative time of wind with different scale from weather stations in 2009/h

Bt 3
A3#/mes ! b= vy T HM AR
0~1 390 744 794 781 187 310 517 488 103 247 258 265 407 580 704 733
1~2 676 821 734 617 551 843 792 719 483 733 812 721 649 821 741 630
2-~3 553 433 387 417 554 545 439 386 559 639 526 463 512 490 379 351
3~4 343 162 185 209 357 286 190 233 405 358 241 276 333 223 190 185
4~5 136 36 59 72 256 137 113 152 310 152 160 142 159 62 98 123
5~6 67 8 19 36 141 54 74 76 168 54 87 92 63 20 43 64
6~7 30 2 3 18 78 19 30 38 90 16 40 78 34 5 19 36
7~8 12 1 2 6 36 7 10 31 37 6 35 47 20 2 7 27
8~9 1 1 1 3 26 5 3 13 27 0 8 35 12 1 0 5
9~10 0 0 0 1 10 1 4 11 16 3 14 11 7 0 2 2
10 ~11 0 0 0 0 8 0 2 5 5 0 2 10 0 0 0 3
11 ~12 0 0 0 0 4 0 0 5 3 0 0 7 0 0 0 1
12 ~13 0 0 0 0 0 0 0 2 2 0 1 7 0 0 0 0
13 ~14 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0
14 ~15 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0
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Fig.1 Land use types in Tianjin suburban
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Fig.2 Interpolation of soil particle size distribution
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Table 2 Size composition of surface soil in Tianjin suburban/%
Hiy X <10 pm 10 ~15 pm 15~20 pm 20 ~25 pm 25 ~30 pm 30 ~35 pm 35 ~40 um 40 ~45 pm 45 ~50 pwm
JLIE 13.84 26.23 17.13 15.36 10.34 7.51 6.94 1.79 0.87
74 0.01 30. 85 38.09 .54 8.52 6.23 3.53 2.66 1.58
T 4.33 93.17 2.50 0. 00 0. 00 0.00 0. 00 0. 00 0.00
R 49.46 46.75 3.79 0. 00 0.00 0. 00 0.00 0.00 0.00
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Table 3 Estimation of wind erosion modulus and wind erosion fluxes in Tianjin districts
WX % B £ b A RABH/t - hm 72 A R/t
& )7l 77 ES e = K %
R B ot 1574.00 2.05 0.24 0.45 1.31 3226.70 377.76 708.30 2061.94
R 17.30 0.04 0.04 0.04 0.20 0.69 0.69 0.69 3.46
VG B i 1772.00 7.99 1.94 2.62 5.89 14158.28 3437.68  4642.64 10 437.08
PINC 24.20 3.49 0.62 0.66 3.72 84.46 15.00 15.97 90.02
H Bt 298. 80 9.05 1.51 4.90 11.56 2704.14 451.19  1464.12 3454.13
AR Hh 17.70 3.95 0.22 1.86 9.06 69.92 3.89 32.92 160. 36
A i 289.50 3.31 0.51 1.39 3.34 958.25 147.65 402.41 966.93
MR 33.87 1.00 0.04 0.15 0.90 33.87 1.35 5.08 30. 48
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Table 4  Estimation of dust release modulus and dust release fluxes in Tianjin districts
U WK xm FEER A/ b i
<10 pm 10 ~15 pm 15 ~20 pm <10 pm 10 ~15 pm 15 ~20 pm
b B 3t 0.2837 0.5377 0.3512 446.575 3 846.339 8 552.788 8
R 0.0025 0.004 7 0.003 1 0.043 1 0.0813 0.053 6
o B 0.000 8 2.4649 3.043 4 1.4158 4367.8028 5392.904 8
% NG 0.000 2 0.484 5 0.598 2 0.003 8 11.7249 14.476 4
- B 0.3919 8.4319 0.2263 117.089 3 2519.4517 67.618 4
ML 0.077 0 1.656 1 0.044 4 1.3623 29.313 0 0.7859
. B 1.637 1 1.547 4 0.1254 473.948 0 447.972 3 36.3033
AR 0.2226 0.2104 0.017 1 7.5384 7.1262 0.5792
b B 0.0332 0.063 0 0.0411 52.256 8 99.162 0 64.691 4
AR 1 0.0025 0.004 7 0.003 1 0.0433 0.0813 0.053 6
T B 0.000 2 0.598 5 0.7389 0.354 4 1060.542 0 1309.330 8
5 IR 0.000 03 0.086 1 0.106 3 0.000 7 2.0836 2.5725
- B b 0.065 4 1.406 9 0.037 8 19.5415 420.3817 11.294 6
R 0.004 3 0.0922 0.0025 0.076 1 1.6319 0.044 3
K B 0.2522 0.2384 0.0193 73.0119 69.016 8 5.5874
AN 0.008 9 0.008 4 0.000 7 0.301 4 0.2845 0.0237
e B b 0.062 3 0.1180 0.077 1 98.060 2 185.7320 121.3554
N R 0.0025 0.004 7 0.003 1 0.0433 0.0813 0.053 6
T B3t 0.000 3 0.808 3 0.998 0 0.5316 1432.3076 1768.456 0
* MR 0.000 03 0.091 6 0.113 1 0.000 7 2.2167 2.7370
- B 0.2122 4.5653 0.1225 63.405 4 1364.1116 36.603 0
N 0.0362 0.779 8 0.0209 0.640 7 13.802 5 0.3699
g B3t 0.687 5 0.649 8 0.0527 199.031 3 188.117 1 15.256 7
AN 0.033 4 0.0316 0.002 6 1.1313 1.0703 0.088 1
bR B 0.1813 0.3436 0.224 4 285.366 2 540. 826 4 353.205 6
N 0.0125 0.0236 0.0154 540.826 4 0.408 3 0.266 4
7 B 3t 0.000 6 1.817 1 2.2435 0.408 3 3219.9012 3975.4820
% R H 0.000 2 0.516 4 0.6376 3219.9012 12.496 9 15.4299
- B b 0.500 5 10.770 5 0.2890 12.496 9 3218.2254 86.3532
NG 0.176 5 3.798 5 0.1019 3218.2254 67.2335 1.803 6
i B 1.6520 1.5615 0.126 6 67.2335 452.054 3 36.650 7
By 0.200 3 0.1893 0.0153 452.054 3 6.4116 0.5182
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Table 5  Statistical results of wind speed and direction to Tianjin central district in 2009

Y 1 2R H/ b " 1 ZA4/h
R K /m s T A A3 /m s % o #* %
# H K ES
5-6 9 0 2 11 5-6 7/8 2/8 1/0 3/1
N 6~7 6 1 1 6 SSE 6~7 2/0 0/1 0/0 0/2
7~8 5 0 0 4 7~8 0/0 1/0 0/0 0/0
§-~9 1 0 0 1 s 6 0 . 0 |
56 1/0 1/0 0/0 5/ s 6~7 0 0 0
6~7 1/0 0/0 0/0 2/1 7~8 0 1 0 0
NNE 7~8 0/0 0/0 0/0 1/0 s 6 18 X . 0
8~9 0/0 0/0 0/0 00 || sow 67 0 0 0 0
9~10 0/0 0/0 0/0 1/0 - . 0 0 0
56 0/1 0/1 0/0 0/0 " ; 0
NE 6~7 1/0 0/0 0/0 00 || SV 3 ; : 0
7~8 1/0 1/0 0/0 0/0
56 11 1 1 1
ENE 56 3/1 1/0 2/0 2/1 WSW 67 6 . 0 0
6~7 1/0 0/1 0/0 0/0 - o o
3-~6 4 3 3 0 5~6 4/6 1/0 0/0 0/0
E 6~7 2 0 2 0 W 6~7 0/1 0/0 0/0 0/0
7~8 3 0 ! 0 78 0/2 0/0 0/0 0/0
8~9 1 0 0 0
56 11/7 4/0 1/4 3/3
3~6 1725 274 6/3 38 | waw 6~7 0/0 1/0 0/0 0/0
6~7 3/7 0/5 2/0 2/0 7% 20 0/0 0/0 0/0
ESE 7~8 4/5 0/0 0/1 1/0
§~9 1/3 0/0 0/0 0/0 3~6 4 ! 6 8
9~10 1/0 0/0 0/0 00 || Nw 6-~7 2 0 0 4
7-~8 0 0 1 1
SE 56 25/18 13/7 3/4 4/3 g o o o ) X
s beis
N —
N — Q= Z{O 45 - Z[’\ Z(Shjk'oﬂ.-)]} (3)
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Fig.3  Dust distribution range with different wind direction
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Table 6  Attainable dust to Tianjin central district in 2009/t
HF FES
X
<20 pm 15 ~20 pm 10 ~ 15 pm <10 pm <20 pm 15 ~20 pm 10 ~15 pm <10 pm
b 867.57 259. 84 397. 82 209.91 101. 65 30.43 46. 64 24.58
[liTh= 4 600. 52 2541.47 2 058. 38 0. 67 1116.19 616.59 499. 43 0.17
M 1285.74 32.15 1197.92 55.67 212.90 5.33 198. 35 9.22
7R 457.53 17.33 213.90 226.30 69. 67 2. 64 32.57 34. 46
iﬂ_j‘E *X ¥ <7 T
<20 pm 15 ~20 pm 10 ~15 pm <10 pm <20 pm 15 ~20 pm 10 ~15 pm <10 pm
b 190. 50 57.06 87.33 46. 11 808. 82 166. 13 254. 38 388. 31
[liTh=¢ 1506. 94 832. 46 674.23 0.25 4908. 51 1875.73 1519.23 1513.55
i 695. 10 17. 38 647. 62 30. 10 3 104. 04 41.43 1544.17 1518.44
RN 190. 21 7.21 88.92 94. 08 477.02 17.47 215.48 244.07
E , ﬁﬁj% E/\J /‘ff_ﬁ]J Kﬁ@%i [ 2] Waldman, Lioy P J, Zelenka M, et al. Wintertime measurements

3 4

(1) dbJ= P75 3w A AR TN 1R 4 48 Rk = 49 3l
6 380.23 . 32 881. 13, 8 340. 6712 546. 02 . %=,
AR R AL 5, P T A R X 2 AKX
PR E A T b R FT AR T O 2 AN DX R A D

(2) R 2847 VB BRI A4 DY 25 (1 Rl 5 43
W21 236,31, 4435.21, 7272. 13 f117 204. 40 t,
2 1) PR J50OR R ik B I R o T e R

(3)2009 4 K38 7 22 A0 A Hhy bR 5L 3 g Xk
25 51 49 599. 2 Fil 548. 85 t. kb 1y XU e R H A Rk
S TR

(4) K17 I 2B 2009 4F B 2 B4k
9352.92 t(ife <10 wm) . 20 587.99 t( k4t 10 ~
15(m) 113 873. 74 t (K48 15 ~20 wm). KTk
ZBEA LB X 20 wm BLF #2425 520 592,91 t,
10 wm DL R 20 5 44 395,89 t, 1 21.35% , 1fij iX 6
I3 %A R E A O X PM 1) R R

(5) 3 Bk 78 T 9 X 38 T A S ORE P FG) o
iRk 7 T O 2 P R D K )

()BT EEAXMSHOKRIE T3k, A T8
VR B M A% 40 1 3 X et RRR <R N % AE WF 9T Xk
AT R 52 56, 13 21 A H Ak 18 2 4L

(7)1 Sy b 32 XUt T 00 1 BF b mT gk — 20 &l 4y
ShyZKCHT 5 b A5 T AR R B T 20 R4 O A M
Hby AR AN [ R R I R M A X ek JURL 4 YR T
9 B0 3 T 7 BERE AT AE AU N IR SE 5, LA BN ]
R RTRL B 5 1 28 302 B, 3 A DUJS T AR 1 R R

2% IR
[ 1] Waggoner P, Weiss R E, Ahlquist N C, et al. Optical
characteristics of atmospheric aerosols [ J ]. Atmospheric

Environment, 1981, 15(10-11) ; 1891-1909.

(3]

[4]

[5]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

of aerosol acidity and trace elements in Wuhan, a city in central
China[ J]. Atmospheric Environment, 1991, 25(1) ; 113-120.
SR, BN A2 P 52 AR BERHT BOR (¥ T . TEDA
KR AU AR AT ST [T ] 3T B0 05 5 3T 22 25, 1996,9
(1):9-14.

Tegen I, Fung I.

Modeling mineral dust in the atmosphere:
sources, transport, and optical thickness [ J]. Journal of
Geophysical Research, 1994, 99 (DI11) . 22897-22914.

Tegen I, Lacis A A. Modeling of particle size distribution and its
influence on the radiative properties of mineral dust aerosol[ J].
Journal of Geophysical Research, 1996, 101 ( D14 ). 19237-
19244.

oM HE. A (M ]
2005. 18-56.

AU B R AR A 22N PM ¥ Y AR A0 R E R L
Hor AT [T]. P8R ,2010,31(1) :22-28.
TRV R RE SR ER. R 275 B P, /TSP LE 1 BF 5
(I By 3R 8 5 4kl 42 245 ,2002,15(6) :20-21.
BEMENG , A%, £ 25,4 Bt AP BURL Y PM, , PM,
G s E R RLE ,2002,22(4) :334-337.

AR, SR, BRREE . 2002 4F v R B GO b 5t KA PM, i
IR F WA [T]. PR ST ,2004,17 (1) :51-55.
=7 N SN S (b T A e TR M2 N S e O
2000,20(4) :426-428.

EIMAS AR BRI A7 S T T A A A S LT
PR35 55 107 2 45,2003 ,16(6) :248-250.

AR, e, KIS, 5. BERE VD IUK X R E)
SERRRELT]. Kb REFFER, 2002,16(1) :29-32.
W, S W T A R KU T U AR A2 L o B 9
BERELI]. BREEVS 4 5 P56 ,2008,30(2) :77-82.

FIMA, AR 3T A UBORL ) T IR B VA B R BT 5
BERELTT. 7T 2R 05 L5 37T 7R 25,2003 ,16 (6) :193-194.
TRAIC, M, O e, S I O R B S A R
A EAR 5L [T]. BRI 5 ,2006,19(3) 118-23.
FAAG AR T E RSP R ERLT] A%,
2009,35(11) :107-116.

TS, SR, o KU bk AR BORARRT ST L] b [ R

Jb 5 A 2 Tkt R AL,



2776

2N Bt

7l

¥ 32 %

[19]

[20]

[21]

[22]

(23]

[24]

[25]

G W J% KA ,2008,38(8) :984-998.

i SRR AR L AR U R A E TR (M ]
Jb ot A2 AL, 2008.

SR PRAN, i T BK v AE  AEL AE m AR Nl Y VA R X A 1
RARATFELT]. K LR FE224%,2010,24 (1) :37-40.
TAET I R BRE L7 Rl X A& 28 R
ORI, AR ,2009,29(12) :6572-6577.
F2TF L INTAE AT A o [ 7 Al 3 A R IR A A O
VRO LT]. A AR 441,2009,20(3) :647-652.

Villasenor R, Lopez-Villegas M T, Eidels-Dubovoi S, et al. A
mesoscale modeling study of wind blown dust on the Mexico City
Basin[ J]. Atmospheric Environment, 2003, 37 (18): 2451-
2462.

Funk R, Skidmore E L, Hagen L J. Comparison of wind erosion
measurements in Germany with simulated soil losses by WEPS
[J]. Environmental Modelling & Software, 2004, 19(2); 177-
183.

Hoffmann C, Funk R, Wieland R, et al. Effects of grazing and

topography on dust flux and deposition in the Xilingele grassland ,

[27]

(28]

[30]

Inner Mongolia [ J]. Journal of Arid Environments, 2008, 72
(5):792-807.

Korcz M, Fudala J, Klis C. Estimation of wind blown dust
emissions in FEurope and its vicinity [ J ]. Atmospheric
Environment, 2009, 43(7) :1410-1420.

Hoffmann C, Funk R, Sommer M. Temporal variations in PM,,
and particle size distribution during Asian dust storms in Inner
Mongolia[ J]. Atmospheric Environment, 2008, 42(36) ; 8422-
8431.

Offer Z Y, Goossens D. Thirteen years of aeolian dust dynamics
in a desert region ( Negev desert, Israel): analysis of horizontal
and vertical dust flux, vertical dust distribution and dust grain

size[ J].
140.

Journal of Arid Environments, 2004, 57 (1). 117-

Visser S M, Sterk G, Karssenberg D. Wind erosion modelling in

a Sahelian environment [ J ]. Environmental Modelling &

Software, 2005, 20(1) : 69-84.
DR T PRI AR AP JR) . R I PR 358 04 15 (2009 4 ) [R].
Rt REEH B RS 5, 2010.





